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ABSTRACT 

Data from a n  exper imenta l  r e g i o n  based upon s i x  is-  

l ands  of t h e  Windward Group i n  t h e  West I n d i e s ,  a r e s e a r c h  

v e s s e l  i n  t h e  t r o p i c a l  A t l a n t i c ,  an  in s t rumen ted  r e s e a r c h  

a i r c ra f t ,  and TIROS VI and VI1 are used to s t u d y  t h e  s t r u c -  

t u r e  of a s p e c i f i c  d i s t u r b a n c e  which moved th rough  t h e  

o b s e r v a t i o n a l  network dur ing  15 and 1 6  August,  1 9 6 3 .  Despi te  

t h e  fac t  t h a t  an unusual  v a r i e t y  and amount of data i s  a v a i l -  

a b l e ,  d i f f i c u l t i e s  are encountered when a n  a t t e m p t  i s  made 

t o  e s t a b l i s h  t h e  p h y s i c a l  and dynamic c h a r a c t e r i s t i c s  of t h e  

f low f i e l d  and t h e  a t t e n d a n t  c loud  and r a i n f a l l  p a t t e r n s  

a s s o c i a t e d  wi th  t h i s  d i s tu rbance .  Taken i n d i v i d u a l l y ,  each 

source  of d a t a  is found t o  be e i t h e r  i nadequa te  o r ,  i n  t h e  

l i g h t  of  o t h e r  i n fo rma t ion ,  perhaps even mis l ead ing .  When 

all s o u r c e s  are t r e a t e d  c o l l e c t i v e l y  a number of i n t e r e s t i n g  

f e a t u r e s  of  t h e  d i s tu rbance  are i l l u m i n a t e d .  

t h e s e  r e s u l t s  bear l i t t l e  resemblance t o  conven t iona l  t r o p i -  

cal  models such as t h e  e a s t e r l y  wave o r  e q u a t o r i a l  vo r t ex .  

In fac t ,  it i s  f e l t  t h a t  t h i s  s tudy  demonst ra tes  t h a t  a 

n e c e s s a r y  p r e r e q u i s i t e  t o  any model l ing i s  q u a n t i t a t i v e  

d e s c r i p t i o n  from adequate and e x t e n s i v e  c o r r e l a t e d  observa-  

t i o n s  ove r  a wide area and a deep l a y e r .  

t a l  sounding network i n  t h e  t r o p i c s ,  the  only  avenue for 

By and l a r g e ,  

Lacking a cont inen-  

v i i i  
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p r o g r e s s  would appear  t o  be s p e c i f i c a l l y  des igned  e x p e r i -  

ments based upon a s e l e c t e d  island network and i n c o r p o r a t i n g  

j o i n t  a i r c r a f t ,  oceanographic  and s a t e l l i t e  programs 

F 
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PURPOSE 

The purpose o f  t h i s  program fo l lowing  upon t h e  F i e l d  

Program [ L a  Seur  and Garstang,  1 9 6 4 1  i s  t o  o r d e r  and ana lyze  

t h e  data c o l l e c t e d  d u r i n g  t h a t  program. The o r i g i n a l  F i e l d  

Program was set  up i n  such a way t h a t  an  i n t e n s i v e  s tudy  

could  be made of t r o p i c a l  weather  p r o c e s s e s  i n  a selected 

r e g i o n  of t h e  t r o p i c s .  Within t h i s  r e g i o n  measurements were 

ob ta ined  of t h e  ro le  and i n t e r - r e l a t i o n s h i p  between t u r b u l e n t  

scales o f  motion a s s o c i a t e d  wi th  t h e  t r a n s f e r  of l a t e n t  and 

s e n s i b l e  h e a t  between ear th-ocean  and atmosphere,  convec t ive  

scale motions and synop t i c  scale motions i n  t h e  t r o p i c a l  

atmosphere.  The program of a n a l y s i s  i s  t h e n  l o g i c a l l y  d i v i -  

ded i n t o  ( a )  t h e  o r d e r i n g ,  v e r i f y i n g  and t a b u l a t i o n  of a l l  

data; (b )  t h e  a n a l y s i s  of problems i n h e r e n t  i n  t h e  above. 

Th i s  r e p o r t  c o n t i n u e s  t h e  s tudy  [see Gars t ang ,  1 9 6 5 1  o f  the 

i n t e r - r e l a t i o n s h i p  i n  t h e  t r o p i c a l  atmosphere between t h e  

d i f f e r e n t  scales of  motion. Here a p a r t i c u l a r  s y n o p t i c  scale 

system i s  ana lyzed  by u t i l i z i n g  v a r i o u s  s o u r c e s  of data. 

Some i n f o r m a t i o n  i s  obta ined  on t h e  s t r u c t u r e  of t h e  system. 

I n  p a r t i c u l a r ,  i n fo rma t ion  i s  o b t a i n e d  on t h e  d i s t r i b u t i o n  of 

c l o u d i n e s s ,  r a i n f a l l ,  v e r t i c a l  motion, d ivergence  and 

h o r i z o n t a l  and v e r t i c a l  w indf i e ld .  

X 



1. I N T R O D U C T I O N  

From 5 August t o  5 September 1963, a n  i n t e n s i v e  

o b s e r v a t i o n a l  program was under taken  on and i n  t h e  v i c i n i t y  

of Barbados, West I n d i e s  [ 1 3 0 1 0 t N ,  59O3OtW1, us ing  a 

r e s e a r c h  v e s s e l ,  ins t rumented  a i rc raf t ,  and a n  i s l a n d  network 

of s u r f a c e  obse rva t ions  and soundings .  The mot iva t ion  and 

main r e s u l t s  o f  t h i s  program have been r e p o r t e d  on by L a  

Seur  and Gars tang  [1964]. I t  was hoped t o  o b t a i n  concomitant  

s a t e l l i t e  p i c t u r e s  o f  t h e  area for compara t ive  case s t u d i e s ,  

i l l u s t r a t i n g  v a r i o u s  types  and s t a g e s  of t r o p i c a l  d i s t u r -  

bances.  Unfor tuna te ly ,  s a t e l l i t e  coverage on ly  co inc ided  

w i t h  f o u r  observ ing  days,  two of which were q u i t e  und i s tu rb -  

ed  and u n i n t e r e s t i n g .  

On 15-16  August,  however, a d i s t u r b a n c e  passed  through 

t h e  area which w a s  recorded  by s h i p ,  i s l a n d  s t a t i o n s ,  a i r -  

craf t  and s a t e l l i t e  photography. Despi te  t h e s e  v a r i o u s  

o b s e r v a t i o n a l  sys tems,  subsequent  a n a l y s i s  of t h e  d a t a  f a i l s  

t o  provide  a coherent  p i c t u r e  of t h e  s t r u c t u r e  o f  t h i s  

d i s t u r b a n c e .  I n s t e a d ,  what  i s  most appa ren t  are problems 

i n  t h e  i n t e r p r e t a t i o n  of  t he  v a r i o u s  d a t a ,  d i f f i c u l t i e s  i n  

r e l a t i n g  t h e  d i f f e r e n t  s c a l e s  of motion t h a t  are be ing  

observed by each  system, and lack of any r e a l  p h y s i c a l  

unders tanding  of t h e  weather  phenomenon i t s e l f .  From t h e  
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outset t h e n ,  t h e  purpose o f  t h i s  pape r  i s  n o t  t o  r e s o l v e  

problems b u t  t o  p o i n t  o u t  t h e  need f o r  and t h e  d i f f i c u l t i e s  

i n h e r e n t  i n  o b t a i n i n g  a q u a n t i t a t i v e  d e s c r i p t i o n  of low 

l a t i t u d e  s y n o p t i c  s c a l e  d i s tu rbances .  



2 .  THE OBSERVATIONS 

The e n t i r e  area o f  i n t e r e s t  i s  covered  i n  F ig .  2 ,  

frame 2 9 ,  from TIROS V I  o r b i t  4845 T 1  t a k e n  a t  1 1 0 7  GCT 

( 0 7 0 7  local  t i m e )  1 6  August 1 9 6 3 .  The whi te  d o t  l a b e l l e d  

"CRAWFORD" g i v e s  t h e  l o c a t i o n  o f  t h e  r e s e a r c h  v e s s e l  C 1 3 O N ;  

5 5 O W I .  Th i s  s h i p  made rad iosondes ,  f r e q u e n t  c loud  photo- 

graphs  , upper  winds , r a i n f a l l  and numerous boundary l a y e r  

measurements [Gars tang ,  1 9 6 4 1 .  The l o c a t i o n  of Barbados i s  

g iven  by t h e  b l ack  d o t .  Guadeloupe i s  shown by t h e  whi te  

t r i a n g l e ,  and Tr in idad ,  a t  t h e  i n t e r c e p t  of 6 O o W  and 1 0 ° N ,  

complete  t h e  exper imenta l  r eg ion .  The r e s e a r c h  a i rc raf t  

made a photomapping f l i g h t  as shown i n  F i g .  13 .  F igures  3 

and 4 show TIROS VI1 p i c t u r e s  [frames 8 and 9 ,  n e a r  1 4 0 1  GCT 

on 1 6  August 1 9 6 3 1  of t h e  nor thwes tern  p o r t i o n  of t h e  f l i g h t  

t r a c k .  

Table  1 summarizes, for t h e  1 6 t h  August on ly ,  t h e  

informat ion  s u p p l i e d  by t h e  v a r i o u s  o b s e r v a t i o n a l  sys tems.  

2 . 1  Rout ine svnoDt ic  a n a l v s i s  

It  i s  apparent  f r o m  Table  1 t h a t ,  f o r  a d i s tu rbance  

of t h i s  n a t u r e ,  very  l i t t l e  informat ion  i s  ob ta ined  from t h e  

s t a n d a r d  s y n o p t i c  obse rva t ions .  Rout ine techniques  of 

a n a l y s i s  and i n t e r p r e t a t i o n  i n  t h e  t r o p i c s  o f  me teo ro log ica l  

obse rva t ions  depend l a r g e l y  upon t h e  e x i s t e n c e  of marked 

n 



I F 

Fig, I Satellite picture (frame 12; 846/44 ) from Tiros 7 taken. at 1343:OO 
GCT (0943:OO local standard t ime),  August 15, 1963. Barbados shown by 
large black circle, R.V. Crawford by white circle, Trinidad by outline, 
Martinique by square , and Guadeloupe by triangle. 



Fig. 2 Satellite picture (frame 29; 4845/4844) from Tiros 6 taken at 1107:30 
GCT (0707130 local standard time), August 16,1963. Barbados shown by 
large black circle,  R.V. Crawford by white circle, Martinique by square, 
Guadeloupe by triangle, and Puerto Rico by X .  

-5 
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p e r t u r b a t i o n s  i n  t h e  wind ( p r e s s u r e )  f i e l d s .  When such  a 

p e r t u r b a t i o n  does n o t  occur ,  t h e  form of a n a l y s i s  i n  c u r r e n t  

use  i s  inadequa te  and l i t t l e  o r  no p h y s i c a l  i n t e r p r e t a t i o n  

i s  p o s s i b l e .  

- 

Figure  5 prov ides  some o f  t h e  in fo rma t ion  t h a t  i s  

a v a i l a b l e  on a r o u t i n e  b a s i s  a t  t h e  s u r f a c e .  

i s  t h e  s t a n d a r d  a n a l y s i s  k i n d l y  provided  by the  U. S. Weather 

Bureau a t  San Juan ,  Puerto Rico. The double  hatched l i n e  i s  

t h e  s o - c a l l e d  " i n t e r t r o p i c a l  convergence" as ana lyzed  a t  San 

Juan .  

The map shown 

F igure  6 shows t h e  200 mb chart .  The main f e a t u r e  of 

i n t e r e s t  i s  t h e  f o u r  sou thwes te r ly  winds ex tend ing  from west 

t o  n o r t h e a s t  of Barbados. They were measured by Doppler 

radar on KLM westbound F l i g h t  775  and,  hence,  are l i k e l y  t o  

be r e l i ab le .  They sugges t  the  e x i s t e n c e  o f  a s h e a r l i n e  (a t  

a h igh  ang le  t o  c loud  f i e l d  of t h e  d i s t u r b a n c e )  and p o s s i b l y  

an a n t i c y c l o n i c  c i r c u l a t i o n  a t  t h a t  l e v e l .  The former would 

sugges t  d ive rgence  ove r  a l i m i t e d  r e g i o n  o f  t h e  d i s t u r b a n c e ,  

t h e  l a t t e r  d ivergence  over  a l a r g e  r e g i o n  of t h e  d i s t u r b a n c e . l  

The a v a i l a b l e  t ime and data f o r  t h e s e  r o u t i n e  a n a l y s e s  

i s  obv ious ly  i n s u f f i c i e n t .  The on ly  in fo rma t ion  t h a t  is  

s u p p l i e d  by r o u t i n e  synop t i c  a n a l y s i s  i s  t h a t  c l o u d i n e s s  and 

p r e c i p i t a t i o n  i n c r e a s e  over a s i g n i f i c a n t  arsa. 

l i g h t  i s  cast upon t h e  s t r u c t u r e  of t h e  system r e s p o n s i b l e  

L i t t l e  

The word "d i s tu rbance"  as used i n  t h i s  c o n t e x t  refers t o  
t h e  i d e n t i f i a b l e  synop t i c  scale c loud  r e g i o n  as shown by 
TIROS V I  frame 1 9  i n  Fig.  2 .  



Fig.3 Satellite picture (frame 8,861) from Tiros 7 token ot 1401 GCT (1001 Iocol 
standard time), August 16, 1963. Puerto R i c o  is shown by X ,  Guadeloupe 
by tr iangle.  

-9- 



F i g . 4  Satellite picture ( f rame 9 ,861)  from Tiros 7 taken just after 1401 GCT, 
August 16,1963. Puerto R ico is shown by X . 
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for t h i s  weather  and t h e r e  i s  l i t t l e  evidence as t o  i t s  s i z e  

or what i t s  f u t u r e  development i s  l i k e l y  t o  be. 

2 . 2  S p e c i a l  i s l a n d  and r e s e a r c h  
s h i p  o b s e r v a t i o n s  

F igu re  5 shows t h e  expe r imen ta l  r e g i o n  enc losed  by 

t h e  major t r i a n g l e  Guadeloupe/R. V. CRAWFORD/Trinidad w i t h  

Barbados a t  t h e  common v e r t e x  of  t h e  i n t e r i o r  t r i a n g l e s .  

Four of t h e  Leeward I s l a n d s  are i n c l u d e d  i n  t h e  network 

a long  t h e  western boundary of t h e  r eg ion .  

The upper a i r  o b s e r v a t i o n s  made as p a r t  of t h i s  

expe r imen ta l  network at Barbados and t h e  R. V. CRAWFORD 

allow the construct ion of t i m e  s e c t i o n s  fo r  both l o c a t i o n s .  

Cloud h e i g h t s  and t h e  h e i g h t  of t h e  5 gm/kgm mixing r a t i o  

l i n e  have been i n c l u d e d  i n  t h e s e  t i m e  s e c t i o n s ,  shown i n  

F igs .  7 and 8.  A t  t h e  R. V. CRAWFORD, t h e  c loud  h e i g h t s  

were measured from carefully t a k e n  photographs ,  wh i l e  on 

Barbados t h e y  were determined from a n  M-33 r a d a r .  On t h e s e  

t i m e  s e c t i o n s  t h e  passage of t h e  d i s t u r b a c e  i s  most c l e a r l y  

marked by t h e  c loud  h e i g h t s  and t h e  o s c i l l a t i o n s  i n  t h e  

h e i g h t  of t h e  5 gm/kgm mixing ra t io  l i n e .  There i s  l i t t l e  

ev idence  i n  t h e  wind f i e l d  t o  s u g g e s t  any pronounced c i r c u l a -  

t i o n .  The t i m e  change i n  d i r e c t i o n  of t h e  l i g h t  winds n e a r  

6 km may be a s s o c i a t e d  with some p e r t u r b a t i o n  b u t  one cannot  

i n f e r  from t h e  c r o s s - s e c t i o n s  what t h i s  might be. 

Some q u a n t i t a t i v e  ev idence  on t h e  s t r u c t u r e  of t h e  

system i s  s u p p l i e d  by t h e  network o f  upper wind f i n d i n g  
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s t a t i o n s .  Table 2 shows divergence and v e r t i c a l  v e l o c i t i e s  

computed by a k inemat ic  method for the  f o u r  t r i a n g l e s  shown 

i n  Fig.  5 ,  for t h e  pe r iod  1 4  t o  1 7  August 1963. Within t he  

l i m i t a t i o n s  of t h i s  method of computing d ivergence  and v e r t i -  

cal  motion, t h e  agreement between the aircraft  c loud  maps 

[Fig.  1 4 1 ,  and the  s a t e l l i t e  p i c t u r e s  [F igs .  1 and 2 1 ,  i s  

q u i t e  good. 

equatorward t r i a n g l e  formed by the R.  V .  CRAWFORD/Barbados/ 

T r in idad  shows low l e v e l  convergence and mean v e r t i c a l  motion 

i n  t he  lower 1 0 , 0 0 0  f t  near  5.0 c m  sec-1. 

angle  formed by t h e  R.  V .  CRAWFORD/Guadeloupe/Barbados shows, 

i n  t he  mean, very weak convergence i n  t h e  lower 1 0 , 0 0 0  f t  a t  

0000 GCT on 14 August and a c t u a l l y  shows weak downward motion 

(much less t h a n  1 c m  sec-1) a l though the  mean d ivergence  

averages  ou t  s l i g h t l y  nega t ive  fo r  t h e  layer.  By 1 2 0 0  GCT 

on 1 4  August low l e v e l  divergence has  s e t  i n  wi th  a downward 

motion n e a r  2 c m  sec-1. The wes tern  t r i a n g l e  formed by 

BarbadoslGuadeloupe/Trinidad shows weak convergence and 

v e r t i c a l  motion of about  2 c m  sec-1 dur ing  1 4  August. 

1 5  August t he  equatorward t r i a n g l e  shows l a r g e  v e r t i c a l  

motions exceeding  8 c m  sec'l n e a r  t h e  time of t h e  s a t e l l i t e  

p i c t u r e  shown i n  Fig.  1. Cloud photographs  taken  on the  R. 

V.  CRAWFORD a t  1 2 0 0  GCT and 1 3 0 0  GCT [ n e a r l y  c o i n c i d e n t  w i t h  

t h e  sa te l l i t e  p i c t u r e  on 1 5  August] shown on Figs .  9a and b 

suppor t  t h e s e  v e r t i c a l  v e l o c i t i e s .  The agreement between 

the  l a r g e  v e r t i c a l  v e l o c i t i e s  a t  1 2 0 0  GCT and the  s a t e l l i t e  

A t  bo th  0000 and 1 2 0 0  GCT on 1 4  August t h e  most 

The poleward tri- 

By 
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p i c t u r e  a t  1343 G C T  i s  not  s t r i k i n g .  It i s  sugges t ed  t h a t  

t h i s  may be due t o  t h e  d i u r n a l  dec rease  of o c e a n i c  c l o u d i n e s s  

which r eaches  a minimum between about  1 4 0 0  and 1500 GCT f o r  

t h e s e  l a t i t u d e s  [Garstang,  1958, 1 9 6 4 3 .  F igu re  9c a t  1 4 0 0  

GCT shows a similar decrease  i n  c l o u d i n e s s  t h a t  need not  

n e c e s s a r i l y  be  a change i n  i n t e n s i t y  of t h e  system. The 

poleward t r i a n g l e  cont inues  t o  show d e s c e n t  and t h e ' w e s t e r n  

t r i a n g l e  a s c e n t  du r ing  1 5  August. Mean v e r t i c a l  velocit ies  

s l i g h t l y  h i g h e r  t h a n  3 cm sec-1 are o b t a i n e d  f o r  t h e  major 

t r i a n g l e  a t  1 2 0 0  GCT on 15  August. 

v e l o c i t i e s  i n  t h e  e q u a t o r i a l  t r i a n g l e  have decreased  s l i g h t l y  

b u t  i n c r e a s e  markedly a t  0000  GCT i n  t h e  wes te rn  t r i a n g l e ,  

w i t h  i n c r e a s e d  descen t  i n  t h e  poleward t r i a n g l e .  

r e s u l t s  are i n  good agreement w i t h  t h e  l o c a t i o n  of t h e  main 

cloudy and c lear  r e g i o n s  as shown by bo th  t h e  s a t e l l i t e  

photograph [F ig .  2 1  and t h e  aircraft  c loud  map [Fig .  1 4 1 .  

By 1 7  August when f e w  t r a c e s  of t h e  weather  system remain,  

d ivergence  and v e r t i c a l  v e l o c i t i e s  r e a c h  t h e i r  minimum i n  

a l l  t r i a n g l e s .  

On 1 6  August v e r t i c a l  

These 

The s p e c i a l  i s l a n d  o b s e r v a t i o n s  and t h e  r e s e a r c h  s h i p  

o b s e r v a t i o n s  g i v e  l i t t l e  i n fo rma t ion  on t h e  o r g a n i z a t i o n  of 

t h e  c loud  f i e l d s  on t h e  meso- o r  s y n o p t i c  scale. However, 

t h e r e  i s  l i t t l e  doubt t h a t  an  o rgan ized  a tmospher ic  system 

of  a s y n o p t i c  scale had been observed.  Comparison of F i g s .  

9a, b and c w i t h  Fig.  12b shows t h e  c o n t r a s t  between " fou l "  

and "fair"  days on a t r o p i c a l  ocean s t a t i o n .  During t h e  
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Fig.10 Sky conditions to south of  R .V.  Crawford position ( 55" W, 13ON) 
on August 16, 1963 at (a) 1000 GMT; (b) I100 GMT; (c) 1200 
GMT. 
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early morning of 1 6  August F igs .  loa, b and c show t h a t  t h e  

d i s t u r b a n c e  now l a y  t o  t h e  sou th  and west o f  t h e  s h i p ' s  

p o s i t i o n  and t h a t  t h e  sou theas t e rn  and e a s t e r n  hor izon  was 

now clear. 

Cons iderable  informat ion  i s  s u p p l i e d  by the  i s l a n d  

r a i n f a l l  network. R a i n f a l l  r e c o r d s  on a l l  of the  i s l a n d s  

[except  Guadeloupel shown on Fig. 5 were u t i l i z e d  t o  obtain 

a c l a s s i f i c a t i o n  of " t h e  s t a t e  of the  atmosphere".  

number of s t a t i o n s  ranged from 90 f o r  Barbados t o  12 f o r  

T r in idad  [La  Seur and Garstang, 19641. A homogeneous set of 

obse rva t ions  of  24 hour  r a i n f a l l  and occurrence  and amount 

was ana lyzed  f o r  each  i s l a n d  f o r  t h e  p e r i o d  1958  t o  1 9 6 2 .  

Two per iods  were examined: the  months of February  and Marc1 

The 

r e p r e s e n t a t i v e  of t he  d r y  season;  the  months of August, 

September and October r e p r e s e n t a t i v e  of t h e  w e t  season.  

each 24 hour  p e r i o d  t h e  r a t i o  of t h e  number of s t a t i o n s  

r eco rd ing  r a i n  t o  the t o t a l  number of s t a t i o n s  

du r ing  t h a t  24 hour  per iod  was ob ta ined .  

t h e n  expressed  as a percentage.  P e r c e n t i l e  i n t e r v a l s  were 

chosen and the  number of days and amounts of r a i n  i n  each 

i n t e r v a l  were t a b u l a t e d .  T h e  amount of  r a i n  i n  each i n t e r v a l  

F o r  

r e p o r t i n g  

T h i s  r a t i o  was 

was normalized by ob ta in ing  t h e  mean amount of r a i n  p e r  

s t a t i o n  p e r  day ove r  the whole w e t  o r  d r y  season  p e r i o d  under 

c o n s i d e r a t i o n .  Frequency d i s t r i b u t i o n s  of occurrence  and 

amount were t h e n  p l o t t e d  f o r  each i s l a n d .  It  was found t h a t  

t h e  sou the rn  group of i s l a n d s  - Barbados, T r in idad  and Grena- 

. . .  . . 
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Fig .  11. Combined frequency d i s t r i b u t i o n  of occur rence  
and amount of r a i n  f o r  t h e  i s l a n d s  of Barbados, 
Grenada and Tr in idad  for  a f i v e  y e a r  p e r i o d ,  
1958 t o  1962. The s o l i d  l i n e  r e p r e s e n t s  t h e  
number of days ( 2 4  hour s )  on which p r e c i p i t a t i o n  
f e l l  as a func t ion  of t h e  pe rcen tage  of t h e  
s t a t i o n s  r eco rd ing  r a i n  o u t  of t h e  t o t a l  number 
of s t a t i o n s  ( 1 2 6 )  r e p o r t i n g  on t ha t  day. The 
do t t ed  l i n e  r e p r e s e n t s  t h e  mean amount of  r a i n  
p e r  s t a t i o n  p e r  day computed from t h e  t o t a l  
amount of p r e c i p i t a t i o n  r eco rded  i n  each t e n  
p e r  c e n t  i n t e r v a l .  

(a)  Dry season:  February and March 

(b) Wet season:  August, September and October  
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da - had similar d i s t r i b u t i o n s ,  w h i l e  t h e  n o r t h e r n  group - 
Mart in ique ,  S t .  Lucia and S t .  Vincent - were a l s o  similar.  

L a t i t u d i n a l ,  i s l a n d  and sampling e f fec ts  can be cal led upon 

t o  e x p l a i n  t h e  s i m i l a r i t i e s .  

cu rves  f o r  t h e  s o u t h e r n  group of  i s l a n d s .  On t h e  basis of 

t h e s e  d i s t r i b u t i o n s  t h e  fo l lowing  a r b i t r a r y  c a t e g o r i e s  were 

set up: 

F i g u r e s  9a and b show t h e  mean 

The occas ions  on which less t h a n  5 5  p e r  c e n t  of  t h e  

s t a t i o n s  recorded r a i n  dur ing  t h e  24  hours  were d i v i d e d  i n t o  

two c a t e g o r i e s :  

i) Suppressed mode: on t h e  average  e q u a l  t o  or less t h a n  . 

1 5  p e r  c e n t  of t h e  r e p o r t i n g  s t a t i o n s  record p r e c i p i t a -  

t i o n  d u r i n g  a 2 4  hour p e r i o d .  The t e r m  "suppressed  

mode" i m p l i e s  t h a t  any and a l l  p rocesses  c o n t r i b u t i n g  

t o  t h e  p roduc t ion  of c l o u d i n e s s  and p r e c i p i t a t i o n  i n  

t h e  v i c i n i t y  of t h e  i s l a n d s  are i n h i b i t e d .  

N e u t r a l  mode: on t h e  average  1 6  t o  55  p e r  c e n t  of t h e  

r e p o r t i n g  s t a t i o n s  r eco rd  p r e c i p i t a t i o n  d u r i n g  a 24  hour  

p e r i o d .  

p r o c e s s e s  are n e i t h e r  i n h i b i t e d  n o r  enhanced. 

ii) 

Under t h e s e  c o n d i t i o n s  c loud  and p r e c i p i t a t i o n  

When, on t h e  average,  more t h a n  55  p e r  c e n t  of all. 

s t a t i o n s  r e p o r t  r a i n  i n  a 24 hour  p e r i o d ,  t h e  i s l a n d  group 

is thought  t o  be under  t h e  i n f l u e n c e  of c o n d i t i o n s  which 

a c t i v e l y  produce c loud iness  and p r e c i p i t a t i o n .  Th i s  mode i s  

t h e n  a r b i t r a r i l y  classified as d i s t u r b e d  and subd iv ided  i n t o  

t h r e e  sub-modes: 
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iii) Weakly dis turbed  mode: on t h e  average  between 56 and 75  

p e r  c e n t  of t h e  s t a t i o n s  r e p o r t i n g  p r e c i p i t a t i o n  d u r i n g  

a 2 4  hour  p e r i o d .  

i v )  Moderately d i s t u r b e d  mode: on t h e  average  between 76 

and 85 p e r  c e n t  of t h e  s t a t i o n s  r e p o r t i n g  p r e c i p i t a t i o n  

du r ing  a 2 4  h o u r  pe r iod .  

V I  S t r o n g l y  d i s t u r b e d  mode: on t h e  average  more t h a n  85 

p e r  c e n t  of t h e  s t a t i o n s  r e p o r t i n g  p r e c i p i t a t i o n  du r ing  

a 24 hour  p e r i o d .  

I t  i s  impor t an t  t o  emphasize t h a t  no a t t empt  is made 

wi th  t h i s  system t o  c l a s s i f y  t h e  i n t e n s i t y  o f  t h e  d i s t u r b a n c e  

producing t h e  weather  - only t h e  local weather c o n d i t i o n  it- 

self  i s  c a t e g o r i z e d .  I n  f a c t ,  any c o n n o t a t i o n  a s  t o  t h e  

mechanism(s1 producing the  s ta te  h a s  d e l i b e r a t e l y  been 

avoided.  Experience would i n d i c a t e  t h a t  t h e s e  i n f l u e n c e s  

would range  from t h e  l a r g e  scale,  i . e . ,  v a r i a t i o n s  i n  t h e  

c h a r a c t e r i s t i c s  of t h e  s u b t r o p i c a l  a n t i c y c l o n e s  and trade 

wind i n v e r s i o n s ,  th rough t h e  s y n o p t i c  scale p e r t u r b a t i o n s  

such  as waves and v o r t i c e s ,  t o  t h e  l o c a l  effects  of  t h e  is- 

l a n d  i t s e l f .  Furthermore,  t h e  i n t e r a c t i o n s  between t h e s e  

v a r i o u s  scales of i n f l u e n c e  are undoubtedly impor tan t .  

Table 3 shows t h e  frequency of d i s t u r b e d ,  n e u t r a l  and 

suppressed  c o n d i t i o n s  for both t h e  s o u t h e r n  group of i s l a n d s ,  

and for Barbados a l o n e .  Eleven y e a r s  of r a i n f a l l  observa-  

t i o n s  are used from t h e  v e r y  dense  network of s t a t i o n s  on 

Barbados, as a g a i n s t  f i v e  y e a r s  o f  o b s e r v a t i o n s  used f o r  t h e  
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i s l a n d  group. This  provides  bo th  a check on t h e  method as 

w e l l  as e s t a b l i s h i n g  t h e  fact t h a t  t h e  dense network on 

Barbados i s  probably  a remarkably good gauge of t h e  occurren-  

ce and non-occurrence of organized  weather .  

TABLE 3 

FREQUENCY OF MEAN MONTHLY DISTURBED, NEUTRAL AND 
SUPPRESSED C O N D I T I O N S  PREDICTED BY THE RAINFALL 

CLASSIFICATION METHOD FOR 
( A )  THE SOUTHERN ISLAND GROUP OF BARBADOS, 

GRENADA AND TRINIDAD BASED ON FIVE YEARS 
OF DATA FOR DRY SEASON (FEBRUARY, MARCH) 
AND WET SEASON (AUGUST, SEPTEMBER, OCTOBER); 

DRY SEASON (FEBRUARY, MARCH) AND WET SEASON 
( B )  BARBADOS BASED ON ELEVEN YEARS OF DATA FOR 

(AUGUST, SEPTEMBER, OCTOBER) 

~~- 

Dis turbed  Neu t ra l  Suppressed 
Modes 111, Mode I1 Mode I 
I V  and V 
% of No. of % of No. of % of No. of 
t i m e  days t i m e  days t i m e  days 

P e r  P e r  P e r  
month month month 

Wet 5 6  1 7  28  9 1 6  5 

I s l ands /Seasons  

Season 
( A )  

Dry 2 5  7 32  1 0  4 3  1 3  
Season 

Wet 5 7  1 7  2 8  9 1 5  5 

Dry 3 7  11 2 7  8 36 11 

Season 
( B )  

Season 

The frequency of occurrence  of each major c a t e g o r y  

a g r e e s  wi th  o t h e r  methods of coun t ing  t h e  f requency  of 

s y n o p t i c  scale systems [Garstang,  1 9 6 4 1  and wi th  expe r i ence  

i n  t h e  r e g i o n .  On t h e  b a s i s  t h a t  t h e  average  s y n o p t i c  



c 
t- 
v) 
J 

0 
0 
m - 
v 

N 

0 
0 
t 

c 
I- 
v) 
J 

0 
0 
2 - 
N 

0 
0 
2 

c 
I- 
v) 
J 

0 
0 
0 
Y 

N 

0 
0 z 

-26- 



0 
K 
0 
k 

a 
0: 
0 

W 
I 
I- 

z 
0 

z 
W 
Y 
U 

C I- 

I 

I- 
v) U J  
J W 

0 3 
O I- 

0 

a 

'u - 
Y n 
N a 

K 
0 W 
0 

0 
0 
'1 
Y 

N 

0 
0 
P - 

-27- 



m x 
Fc a 

Iz B 

e 
0 
M 
a, 
v a 
3 

CI 
o m  

c: 
P O  c *d 
a,+ u a  

+J Fccn 
a, 
Ll 

a, 
c, a 
P 

TJ 
c a 
rl 

H 

a 
a, 
A 
h 
3 
c, 
0 

.rl a 
h 
dl 
a, 
c, a 
Fc 
a, a 
0 

hl 
co 

c, 

M 
3 
4 

? 

In 
rl 

a 
a, 

Fc 
3 
c, 
m 
*d a 
h 
ri 
M c 

c, cn 

n 

8 

3 
m 

c, 

M 
3 
4 

9 

In 
rl 

c , m  c c  a 0  u a d  

c + J  
4 a 
>c, cn 
+to 
c n d  
. 

a 
a, 

Fc 
3 
c, 
m 

*r4 a 
h 
rl 
M c 

c, cn 

n 

E 

f 
m 

c, 
? 
Y 
4 
W 
r-i 

a 
a, 
$a 
Fc 
3 
c, 
m 
*rl a 
h : a, 
3 

m 
W 

c, 

M 
3 
2 
r- 
rl 

+ J I  

" 2  
c i i  u h 

5 
a, 
$a 
Fc 
3 
c, 
m 

*rl a 
h 
rl 
a, 
c, a 
Fc 
9) a 
0 c 

r- 
r- 

c, 
0 
3 
bn 
3 
4 
In 
d 

a 
a, 
A 
& 
3 
c, 
m 
4 a 
h 
rl 

a, 
3 
3 

Ln 
u) 

+J m 
3 

4 
9 
(D 
rl 

a, a 
2 
z d 

c, 
3 
a, 
E: 
I a 
a, 
n 
5 
c, 
m 

*rl a c 
3 

m 
In 

c, 

M 
3 
z 
r- 
rl 

a 
a, 
In 
& 
3 
c, 
m 
-d a 
h 
d 
Y a 
a, 
3 

W 
W 

c, 

bo 
9 
2 
r- 
d 



2 9  

d i s tu rbance  produces abcut  two r a i n y  days ,  t h i s  would imply 

t h a t  for t h i s  r e g i o n  dur ing  t h e  w e t  season  t h e r e  are about  

e i g h t  d i s t u r b a n c e s  p e r  month. 

Th i s  c l a s s i f i c a t i o n  i s  , t h e r e f o r e  , a p p l i e d  t o  t h i s  

p a r t i c u l a r  d i s t u r b a n c e  and Table  4 shows t h e  r e s u l t s  for a l l  

i s l a n d s  used i n  t h e  Windward group.  On T r i n i d a d ,  S t .  Vincent 

and Mar t in ique  only  a s e l e c t  group o f  s t a t i o n s  were chosen 

f o r  a n a l y s i s .  P rope r ly  chosen, a f e w  s t a t i o n s  on a s i n g l e  

i s l a n d  w i l l  s t i l l  g i v e  an  adequate  measure of " the  s ta te  of 

t h e  atmosphere" once t h e  l i m i t s  have been chosen from a l a r g e  

sample o f  d a t a .  Examination of Table  4 shows q u i t e  c l e a r l y  

t h a t  t h i s  d i s t u r b a n c e  produced cons ide rab le  p r e c i p i t a t i o n  

ove r  a t  least  a f o u r  degree l a t i t u d e ,  six degree  long i tude  

area. The R .  V .  CRAWFORD r e p o r t e d  0 . 1 9 5  i nches  on 1 5  August 

( n e a r l y  a l l  between 0400-0800  l o c a l  t i m e ) ,  0 . 0 4  i nches  on 1 6  

August,  and no r a i n  on 1 7  August. From F i g s .  9 a ,  b and c 

showing t h e  c loud  d i s t r i b u t i o n  %--€lie- v ic i r r i ty  -OF *hte-€k-Vr- 

CRAWFORD, it i s  clear t h a t  p r e c i p i t a t i o n  i n  t h e  r e g i o n  of t h e  

s h i p  w a s  widespread and t h e  amounts recorded  on i t s  r a i n  

gauges are probably  a n  underes t imate  of t h e  p r e c i p i t a t i o n  

t h a t  a c t u a l l y  f e l l  ove r  t h e  nearby a r e a .  N o  q u a n t i t a t i v e  

estimate could  be  made from t h e  r a d a r  used on t h e  s h i p  b u t  

t h e  d i s t r i b u t i o n  of echoes both  i n  space  and t ime  dur ing  

t h i s  p e r i o d  sugges t s  t h a t  t h e  above a s s e r t i o n  i s  v a l i d .  

- - - - -  - - - -  - - - ~ - -  - - - ~ - - -  

A s  w i th  t h e  cloud informat ion  s u p p l i e d  by t h e  i s l a n d /  

s h i p  network, t h e  r a i n f a l l  obse rva t ions  s e r v e  on ly  t o  
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p o s i t i v e l y  confirm t h e  occurrence of an o rgan ized  s y n o p t i c  

scale d i s t u r b a n c e .  Questions concern ing  the s t r u c t u r e  of  

t h e  system, i t s  forward propogat ion i f  any ,  and t h e  con- 

c u r r e n t  q u e s t i o n  of development o r  decay w i t h  t i m e ,  are l e f t  

l a r g e l y  unanswered. The q u e s t i o n  i s  r a i s e d  whether t h e  

i n t e n s i t y  o r  s t r e n g t h  of a system i s  b e s t  measured by c i r -  

c u l a t i o n  o r  by t h e  occurrence ,  amount and d i s t r i b u t i o n  of 

c l o u d i n e s s  and p r e c i p i t a t i o n .  As f a r  as the  r a i n f a l l  observa-  

t i o n s  are concerned,  " s t r o n g l y  d i s t u r b e d "  weather p r e v a i l e d  

o v e r  a l a r g e  area f o r  a t  least  one day - t h e  16 August. 

2 . 3  Research a i rc raf t  obse rva t ions  

One o f  t h e  ins t rumented  DC-6 aircraf t  of  t h e  U. S .  

Weather Bureau 's  Research F l i g h t  F a c i l i t y  executed  t h e  

photo- reconnaissance  t r a c k  shown i n  F ig .  1 3 .  The times are 

GCT. Since  t h e  f l i g h t  was f i v e  t o  n i n e  hours  l a t e r  t h a n  t h e  

s a t e l l i t e  p i c t u r e  i n  F ig .  2 ,  no d e t a i l e d  c o r r e l a t i o n  should  

be expec ted .  

and Z i p s e r  C19641 shows t h a t  i d e n t i f i c a t i o n  of  i n d i v i d u a l  

c loud  f e a t u r e s  on bo th  a i r c r a f t  and s a t e l l i t e  p i c t u r e s  i s  

g e n e r a l l y  only  p o s s i b l e  i f  t h e  photographs c o i n c i d e  w i t h i n  

30 minutes  or so.  It i s  ag reed ,  however, t h a t  u s e f u l  com- 

p a r i s o n s  of systems can b e  made a t  much l a r g e r  t i m e  d i f f e r -  

ences  and w e  s h a l l  s e e  t h a t  t h e  o v e r a l l  correspondence of 

what w a s  s e e n  by t h e  aircraft and by TIROS i s  r a t h e r  s i g n i f i -  

c a n t .  

The comparative s t u d y  c a r r i e d  o u t  by L a  Seur  
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The a i rcraf t  photography was done by t i m e - l a p s e  (one 

frame per second)  16  mm kodachrome movies. One camera w a s  

aimed a t  9 0  degrees  t o  t h e  l e f t  of  t h e  f u s i l a g e  and t h e  o the r  

n e a r l y  s t r a i g h t  forward (17  deg rees  t o  t h e  r i g h t )  from t h e  

nose.  F i r s t ,  p r i n t s  were made a t  t e n  minute i n t e r v a l s  and 

a r r anged  i n  s t r i p s  a l o n g  t h e  f l i g h t  t r a c k .  

Whole Sky Code" developed by Malkus and R ieh l  C19641 w a s  

t h e n  r e a d i l y  a p p l i e d .  The code number i s  e n t e r e d  above each 

time a long  t h e  f l i g h t  path i n  Fig.  1 3 .  

The " T r o p i c a l  

Codes 9 and 8 ( e a s t s o u t h e a s t  of Barbados) denote  

" s w e l l i n g  cumulus1' n o t  cumulonimbus, t h e  former w i t h  upper  

s h e e t s  from broken t o  o v e r c a s t ,  t h e  l a t t e r  w i t h  upper  c l o u d i -  

nes s  less t h a n  broken. I n  t h e  Caribbean ( a t  l a t i t u d e  15N) 

codes 1 0  and 11 i n d i c a t e  cumulonimbus i n  mainly c lear  s k i e s ;  

t h e r e  were, i n  f ac t ,  on ly  about  4-5 a c t i v e  cumulonimbus 

towers i n  view o f  the  a i r c r a f t  ( w i t h i n  about  1 0 0  n a u t i c a l  

miles of  t h e  f l i g h t  p a t h ) .  

is t h a t  coded as 1 2 ,  where a f e w  cumulonimbi p e n e t r a t e d  an 

a p p a r e n t l y  independent  upper o v e r c a s t .  

The most d i s tu rbed- look ing  r e g i o n  

None of t h e  "s t rong  d i s t u r b a n c e "  code numbers 13-16 

appear. I n  c o n t r a s t ,  about 20 of t h e s e  numbers were recorded 

on a track through a weak P a c i f i c  typhoon. 

d i s t u r b a n c e ,  i f  i t  i s  t o  a s s e s s e d  from t h i s  Whole Sky Code, 

depends upon bo th  t h e  magnitude and e x t e n t  of t h e  code num- 

bers. Comparing wi th  numerous Pacific cases, w e  would be 

f o r c e d  from t h e  Sky Code a lone  t o  c a l l  t h i s  d i s t u r b a n c e  

I n t e n s i t y  of a 
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"moderate1' s i n c e  i t  conta ined  more and a b i g g e r  area of h i g h  

numbers t h a n  many "moderate i n t e n s i t y "  d i s t u r b a n c e s  ana lyzed  

i n  t h e  P a c i f i c  s t u d y  [Malkus and R i e h l ,  1 9 6 4 3 .  

The f i n a l  p roduc t  of t h e  aer ia l  photographs i s  t h e  

c loud  map [F ig .  1 4 3 .  This was c o n s t r u c t e d  as d e s c r i b e d  by 

Malkus and R i e h l  C19643 and i n  more d e t a i l  i n  a manual by 

R o m e  119593. 

The o r i e n t a t i o n  of cloud rows and a n v i l s  i s  p a r t i c u l a r -  

l y  i n fo rma t ive .  The " p a r a l l e l  mode" i s  c l e a r l y  exhibited i n  

t h e  small (<10,000 f t )  t r a d e  cumul i  near  l S N ,  from 58W t o  

60W l o n g i t u d e .  The o r i e n t a t i o n  i s  n o r t h  of e a s t ,  becoming 

east as t h e  i s l a n d  c h a i n  is approached; t h e r e  i s  no i n d i c a -  

t i o n  of any sou th  o f  east l ine-up .  

A cross-wind mode is e v i d e n t  a long  t h e  f l i g h t  l e g  

ex tend ing  e a s t s o u t h e a s t  of Barbados. If w e  a c c e p t  t h e  s h e a r  

h y p o t h e s i s  of i t s  o r i e n t a t i o n  as developed by Malkus and ' 

R i e h l  C19641,  t h i s  l ine-up  i s  c o n s i s t e n t  w i t h  t h e  wind f i e l d  

p r e v a i l i n g  a t  S e a w e l l ,  Barbados a t  1200 GCT ( 0 8 0 0  l o c a l  t i m e ,  

see Fig.  8). This  shows moderate (15-25 k n o t s )  e a s t e r l y  

t r a d e s  th rough  t h e  lower c loud  l a y e r ,  w i t h  much weaker sou th -  

eas te r l ies  above, g i v i n g  a s h e a r  v e c t o r  from roughly  sou th -  

w e s t .  It i s  a b i t  d i f f i c u l t  t o  see, however, how t h i s  wind 

f i e l d  would have extended as f a r  east  as 57W around 1 7 0 0  GCT, 

as t h e  c loud  rows appa ren t ly  d i d .  Th i s  p o i n t  w i l l  be checked 

wi th  t h e  more a c c u r a t e  a n a l y s i s  of t h e  f low f i e l d  t h a t  i s  now 

i n  p r o g r e s s  a t  t h e  F l o r i d a  S t a t e  U n i v e r s i t y .  



. 35 

A f i n a l  o r i e n t a t i o n  c l u e  i s  provided  by t h a t  o f  t h e  

a n v i l s  between about  63W and 65W l a t i t u d e .  We see pronounced 

w e s t e r l y  shear i n  t h i s  r eg ion ,  confirming t h e  upper  wester- 

l i e s  o f  F ig .  6 .  The change i n  o r i e n t a t i o n  of t h e  4 0 , 0 0 0  f t  

a n v i l s  from west t o  southwest sugges t s  l o c a t i n g  t h e  upper  

t rough n e a r  66W, as i n  Fig. 6 .  I t  is  p o s s i b l e  t h a t  o v e r  a 

l i m i t e d  area of about  two degrees  by f o u r  deg rees  i n  t h e  

r e g i o n  of h igh  code numbers upper  l e v e l  d ivergence  on t h e  

e q u a t o r i a l  s i d e  o f  t h e  t rough provided  a d d i t i o n a l  impetus  t o  

t h e  system. 

However, t h e  d i s tu rbance  d i d  n o t  l ong  s u r v i v e  i t s  

passage  i n t o  t h e  Caribbean. Research f l i g h t s  i n  t h e  same 

r e g i o n  on t h e  day fo l lowing  [Simpson, Simpson, Andrews and 

Eaton,  19651 showed on ly  s l i g h t l y  a.bove normal a c t i v i t y .  

The f i n a l  i n t e r e s t i n g  f e a t u r e  of  t h e  map i n  F ig .  1 4  

i s  t h e  unusual  c loud  c o n f i g u r a t i o n  a s s o c i a t e d  w i t h  t h e  

A n t i l l e s .  The three i s l a n d s  v i s i b l e  from the  a i rc raf t  

(Dominica, Mar t in ique  and S t .  Lucia)  have s imilar  p a t t e r n s  

w i t h  small  cumuli  ex tending  i n  a f a i r l y  t r i a n g u l a r  o r  peaked 

p a t t e r n  upwind and c u t t i n g  o f f  s h a r p l y  on t h e  l ee  s i d e .  The 

on ly  downwind c loud iness  w a s  a p a r a l l e l  c loud  s t r e e t  t o  t h e  

l ee  of  Mar t in ique ,  b u t  it began r a t h e r  f a r  o f f s h o r e  t o  be 

c a t e g o r i z e d  as an  i s l a n d  s t reet .  A l l  o f  t h e s e  i s l a n d s  are 

mountainous,  and poss ib ly  l e e - s i d e  subs idence  w a s  r e s p o n s i b l e  

f o r  t h i s  downstream c u t t i n g  o f f  of lower c l o u d i n e s s  [Hos ler ,  

Davis and Booker, 19631. 
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The a i rcraf t  obe rva t ions  succeed  i n  d e l i n e a t i n g  i n  

cons ide rab le  d e t a i l  t h e  cloud d i s t r i b u t i o n s  a s s o c i a t e d  w i t h  

t h e  d i s tu rbance .  The cloud map of F i g ,  1 4  provides  bo th  

p e r s p e c t i v e  and de t a i l  which were l a c k i n g  i n  t h e  p rev ious  

obse rva t ions .  Some susp ic ion  i s  raised by t h e  a i rcraf t  

obse rva t ions  t h a t  perhaps  the observed weather  i s  n o t  re la ted 

t o  a s i n g l e  a tmospher ic  s y s t e m .  

c loud  rows s o u t h e a s t  o f  Barbados i s  q u i t e  comparable i n  

e x t e n t  ( abou t  250  mi l e s )  t o  s e v e r a l  similar format ions  mapped 

by Malkus and R i e h l  C19641 i n  t h e  Pac i f ic  and a s s o c i a t e d  

w i t h  a s i n g l e  i d e n t i f i a b l e  d i s tu rbance .  

nimbus towers i n  t h e  Caribbean i s  about  300  miles away from 

t h e  wes tern  edge of t h e  Barbados d i s t u r b a n c e ,  or a d i s t a n c e  

cons ide rab ly  g r e a t e r  than  t h e  dimensions of e i t h e r  group of 

b u i l d  ups.  Therefore ,  some doubt i s  cast upon t h e  i n i t i a l  

impress ion  t h a t  a s i n g l e  s y n o p t i c  system o r i e n t a t e d  west- 

n o r t h w e s t / e a s t s o u t h e a s t  p ropogates  westwards. 

The group o f  cross-wind 

The group of cumulo- 

2 . 4  S a t e l l i t e  obse rva t ions  

The fo l lowing  i n t e r p r e t a t i o n  o f  t h e  s a t e l l i t e  observa-  

t i o n s  on 1 6  August [F ig .  2 1  were k i n d l y  made by Dr. H. M .  

Johnson of t h e  U.  S .  Weather Bureau ' s  Meteoro logica l  

S a t e l l i t e  Labora tory .  In t h i s  i n t e r p r e t a t i o n  quoted  below 

TOS means "TIROS o b s e r v a t i o n a l  scale", wh i l e  AOS means 

"aircraf t  o b s e r v a t i o n a l  scale" : 

1. "A l i g h t  e a s t e r l y  trade f low is  i n d i c a t e d  a t  t h e  more 



37 

open c o n d i t i o n s  (TOS) of l a r g e  scale open bands n e a r  

57W, 8 N  t c  13N; and is a l s o  i n d i c a t e d  e l sewhere .  

2. A s i z a b l e  group o f  l a r g e  (AOS) convec t ive  c l o u d s ,  e v i -  

d e n t l y  a group of cumulonimbus c louds ,  is  i n  t h e  r e g i o n  

of Barbados and the  sou the rn  Lesser A n t i l l e s .  

3. A prominent l a r g e  (TOS) very  open zone which i s  g e n e r a l -  

l y  about  two degrees  of l a t i t u d e  wide ex tends  from east 

of 50W,south of  15N t o  about  65W n e a r  20N. 

4. Mart in ique  ( s q u a r e  i n  F i g .  2) i s  under a l a r g e  (AOS) 

c loud  system. Dominica (see Fig.  1 3 )  and Guadeloupe 

( t r i a n g l e  i n  F ig .  2) have a r e l a t i v e l y  small amount 

(TOS) of  i s l a n d  c l o u d i n e s s ,  b u t  of r e l a t i v e l y  l a r g e  

v e r t i c a l  e x t e n t .  Antigua ( 1 7 N ,  6 1  45W) i s  i n  t h e  l a r g e  

open zone as i s  Barbuda ( 1 7  40N, 6 1  45W) and h a s  very  

l i t t l e  e v i d e n t  (TOS) c l o u d i n e s s ,  b u t  does have some 

i s l a n d  cumulus. 

5. A very l a r g e  (TOS) a r e a  o f  r e l a t i v e l y  open c o n d i t i o n s  

i n c l u d i n g  many c loud  l i n e s  and c loud  bands i n  what 

appea r s  t o  be a g e n e r a l l y  s o u t h e a s t e r l y  trade flow i s  

shown n o r t h  o f  15N and w e s t  of 55W. 

An e x t e n s i v e  area of more i n t e n s e  convec t ive  a c t i v i t y ,  

e v i d e n t l y  also inc lud ing  cumulonimbus, i s  shown n e a r  

12N, S O W  (on TIROS V I  frames no t  reproduced h e r e ) .  

7 .  This  d i s t u r b e d  a r e a ,  t h e  d i s t u r b e d  area n e a r  Barbados, 

6. 

and the more open a r e a  between, of small c loud  bands 

(TOS) grouped i n t o  a system which i s  banded on a l a r g e  
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scale (TOS) ,  i s  s i g n i f i c a n t l y ,  bounded on t h e  n o r t h  by 

t h e  l a r g e  open zone and bounded on t h e  sou th  by a n o t h e r  

very open zone." 

A t  t h e  Meteoro logica l  S a t e l l i t e  Labora tory ,  e f f o r t s  

are be ing  made t o  c a t e g o r i z e  and c l a s s i f y  t r o p i c a l  s torms  

from t h e  p i c t u r e s  alone, p a r t i c u l a r l y  w i t h  r e s p e c t  t o  i n t e n -  

s i t y  and r e l a t i o n  t o  su r face  winds. A c l a s s i f i c a t i o n  scheme 

f o r  sub-hurr icane  d i s t u r b a n c e s  h a s  been of fe red  by F e t t  

c19641. Using h i s  c r i te r ia ,  w e  f i n d  o u r  "storm" i n  t h e  

weakest ca t egory  ( A ) .  T h i s  c a t e g o r y  i s  d e s c r i b e d  as follows: 

"Trop ica l  d i s tu rbance  - Rotary c i r c u l a t i o n  s l i g h t  or 

a b s e n t  on t h e  s u r f a c e  but  p o s s i b l y  be t t e r  developed a l o f t .  

No c l o s e d  s u r f c c e  i s o b a r s ,  no s t r o n g  winds  ( < 2 0  k n o t s )  . . 
I n  t h i s  phase of  development , t h e  o u t s t a n d i n g  c h a r a c t e r i s t i c  

appa ren t  from t h e  sa te l l i t e  photographs i s  t h a t  of enhanced 

convec t ion  throughout  an  o v e r c a s t  or n e a r l y  o v e r c a s t  area of 

i r r e g u l a r  shape and dimensions . . S p i r a l  banding . i s  

normally n o t  accen tua ted  enough t o  de te rmine  a c e n t e r  of c i r -  

c u l a t i o n  from t h e  sa te l l i t e  photographs."  

F igu re  2 shows a d i s t u r b e d  r e g i o n  q u i t e  s imi la r  i n  

appearance t o  a case used by F e t t  t o  i l l u s t r a t e  t h e  weakest 

end of h i s  ca t egory  ( A ) .  From t h i s  w e ,  t h e r e f o r e ,  conclude 

t h a t  t h i s  weather  system would, on t h e  basis of s a t e l l i t e  

o b s e r v a t i o n s ,  be c l a s s i f i e d  as weak even though it is n o t  

adequa te ly  covered by t h e  d e f i n i t i o n  quoted  above cover ing  

t h e  weakest ca t egory .  
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The informat ion  supp l i ed  by the  s a t e l l i t e  o b s e r v a t i o n  

a lone  i s ,  t h e r e f o r e ,  p r i m a r i l y  concerned w i t h  the  large 

scale f e a t u r e s .  I t  i s  d i f f i c u l t  t o  i n f e r  any re l iab le  

in fo rma t ion  from t h e s e  s a t e l l i t e  p i c t u r e s ,  as t o  t h e  s t r u c -  

t u r e  and dynamics of t h i s  weather  system. On t h e  c o n t r a r y ,  

some of t h e  i n f e r e n c e s  made from the  s a t e l l i t e  p i c t u r e s  

a l o n e  appea r  t o  be i n  c o n f l i c t  w i t h  o t h e r  o b s e r v a t i o n s .  

However, had adequate  coverage e x i s t e d  such t h a t  cont inuous  

p i c t u r e s  could  have been ob ta ined  on 1 5  and 1 6  August, and 

a l s o  on t h e  preceeding  and succeeding  days,  a far grea ter  

c o n t r i b u t i o n  would have been made by the  s a t e l l i t e  cameras. 
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3. INTEGRATION OF THE OBSERVATIONS 

I n d i v i d u a l l y  no one o f  t h e  above s o u r c e s  provided  a n  

adequate  q u a n t i t a t i v e  d e s c r i p t i o n  of t h e  weather  sys tem under  

obse rva t ion .  O f  t h o s e  d i scussed ,  t h e  least  in fo rma t ion  was 

ga ined  from r o u t i n e  synop t i c  ana lyses .  

ana lyses  are n o t  s u f f i c i e n t l y  d e t a i l e d  t o  provide  t h e  necess-  

a r y  informat ion .  Nor, i n  fact ,  can t h e y  be and s t i l l  cover  

t he  area they  are requi red  t o  cover .  It  remains t o  be seen  

whether a d e t a i l e d  synop t i c  a n a l y s i s ,  u s ing  every  a v a i l a b l e  

obse rva t ion  c u r r e n t l y  underway a t  t h e  F l o r i d a  S t a t e  Univer- 

s i t y ,  w i l l  indeed  p rov ide ,  from t h i s  sou rce ,  a d d i t i o n a l  i n -  

s i g h t  i n t o  t he  s t r u c t u r e  and dynamics o f  t h i s  weather system. 

C l e a r l y ,  t h e s e  

The s a t e l l i t e  observa t ions  provided  more in fo rma t ion  

b u t  there  seems t o  be as much d isagreement  as agreement when 

conclus ions  drawn from t h e  s a t e l l i t e  p i c t u r e s  a lone  are com- 

pared  wi th  the other  obse rva t ions .  The i n f e r r e d  s u r f a c e  

wind f i e l d  from t h e  s a t e l l i t e  p i c t u r e s  on 1 6  August does no t  

ag ree  wi th  t h e  observed  s u r f a c e  winds.  I n  t h e  t r o p i c s  where 

r e l a t i v e l y  small changes i n  wind speed  and d i r e c t i o n  are i m -  

P o r t a n t  ' ' l i g h t  easterly t rade and "southeastzrly t rade" 

cannot  be equated  t o  w i n d s  blowing from 080  degrees  t o  0 7 0  

degrees  wi th  a magnitude of g r e a t e r  t h a n  8 m sec'l. There 

i s ,  however, a cons iderable  degree  o f  agreement between t h e  

40 
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c loud  obse rva t ions  from t h e  s a t e l l i t e  and c loud  o b s e r v a t i o n s  

made from t h e  a i rc raf t ,  i s l a n d  and s h i p .  The l a r g e  scale 

c loud  f e a t u r e s  o f  t h e  system as shown by TIROS on F i g .  2 

and by t h e  a i rc raf t  on Fig.  1 4  are i n  good agreement .  

However, d i f f i c u l t i e s  appear  when t h e  d e t a i l s  of t h e  c loud  

system are compared. The " p a r a l l e l  mode" r e f e r r e d  t o  i n  

S e c t i o n  2 . 3  above, i s  c l e a r l y  e x h i b i t e d  by t h e  a i rc raf t  

photographs compiled i n  Fig.  1 4 .  Here t h e  small (<10,000 

f t )  t r a d e  cumuli  n e a r  15N, from 58W t o  60W l o n g i t u d e  are 

o r i e n t a t e d  n o r t h  of east ,  becoming east  as t h e  i s l a n d  cha in  

i s  approached , there  i s  no i n d i c a t i o n  of  any sou th  of east  

l ine-up  as impl ied  by t h e  s a t e l l i t e  i n t e r p r e t a t i o n .  I t  may 

be p o s s i b l e  t o  i n f e r  from t h e  s a t e l l i t e  p i c t u r e s  [F ig .  21 

east-west and then  s l i g h t l y  s o u t h e a s t e r l y  o r i e n t a t i o n  of t h e  

cumulus c louds  west of  66W which i s  o f f  o u r  map shown i n  F ig .  

1 4 .  Furthermore,  t h e  wes te r ly  s h e a r  i n  t h e  r e g i o n  63W t o  

65W of t h e  a i r c r a f t  t r a c k  i s  n o t  apparent  from t h e  TIROS 

p i c t u r e s .  

I t  i s  a l s o  i n t e r e s t i n g  t o  compare t h e  i s l a n d  c loud  

p a t t e r n s  i n  F ig .  1 4  w i th  F ig .  2 and Dr. Johnson ' s  comment 4 

t he reon .  Mar t in ique  i s  s t i l l  under  a l a r g e  (AOS) c loud  sys -  

t e m  i n  F ig .  1 4 .  However, t h e  v e r t i c a l  e x t e n t  of t h e  i s l a n d  

c louds  observed  by t h e  a i r c r a f t ,  i s  no t  l a r g e  o v e r  Dominica. 

We b e l i e v e  t h a t  t h e  d i f f e r e n c e  i s  r e a l ,  caused  by t h e  semi- 

d i u r n a l  c y c l e  i n  c loud iness ,  now w e l l  documented from t h i s  

e x p e d i t i o n  [ L a  Seur  and Gars tang ,  1 9 6 4 ;  Gars tang ,  1 9 6 4 1 .  



. 
4 2  

The photograph i n  Fig.  2 was made a t  0 7 0 7  l o c a l  t i m e ,  

o r  a t  t h e  peak o f  t h e  c loud iness  c y c l e ,  wh i l e  t h e  a i r c r a f t  

c ros sed  t h e  i s l a n d  c h a i n  a t  1530-1540 hours  loca l  t ime,  or 

c l o s e  t o  t h e  most suppressed  p e r i o d .  The wr i te rs '  observa-  

t i o n s  on Barbados s t r o n g l y  sugges t  t h a t  t h e  i s l a n d  c louds  go 

through a cor responding  v e r t i c a l  development cyc le .  

The d i s t u r b e d  cond i t ions  shown i n  F igs .  9 a ,  b and c ,  

and F ig .  12a from t h e  s h i p  and from Barbados compare f avor -  

a b l y  w i t h  t h e  s a t e l l i t e  p i c t u r e s  c losest  t o  t h e s e  times and 

p o s i t i o n s .  S i m i l a r l y ,  t h e  f a i r  c o n d i t i o n s  shown by F ig .  12b  

co inc ides  wi th  t h e  clear areas i n  F ig .  2 .  

The q u e s t i o n  of westward propogat ion  or o f  d i s s i p a -  

t i o n  and i n t e n s i f i c a t i o n  remains obscure .  From Fig .  1 it 

would appear  t h a t  t h e  cloudy r e g i o n  l o c a t e d  west of t h e  

CRAWFORD had indeed  passed ove r  t h e  CRAWFORD du r ing  t h e  ear- 

l y  hours  of t h e  morning o f  1 5  August. F igu re  2 and subse-  

quent  a i rcraf t  obse rva t ions  sugges t  t h a t  t h i s  system moved 

westwards and i n t e n s i f i e d .  

v e r t i c a l  v e l o c i t y  computations t h i s  movement and i n t e n s i f i c a -  

t i o n  seems l i k e l y .  Y e t  synop t i c  a n a l y s i s  so f a r  sugges t s  

t h a t  t h e r e  i s  only  a s t a t i o n a r y  o r  slow moving a n t i c y c l o n e  

a t  500/200 mb. It  i s  f u r t h e r  puzz l ing  t o  f i n d  t h a t  t h e  nex t  

day the  d i s t u r b a n c e  has a l l  b u t  d i s s i p a t e d .  F u r t h e r  work 

must be  done t o  c l a r i f y  t h e s e  appa ren t  paradoxes .  

Coupled w i t h  t h e  d ivergence  and 

I n  i n t e g r a t i n g  t h e  obse rva t ions  from t h e s e  d i f f e r e n t  

systems t h e  problem of d e f i n i t i o n  o f  i n t e n s i t y  arises. 
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Nomenclature i s  unimportant u n l e s s  m i s i n t e r p r e t a t i o n  i s  

l i k e l y  t o  r e s u l t .  C e r t a i n l y  i f  a system i n  t h e  atmosphere 

i s  d e s c r i b e d  as "weak" or even "very weak" and t h i s  system 

proceeds  t o  d e p o s i t  p r e c i p i t a t i o n  i n  excess  of one inch  i n  

2 4  hours  ove r  a r e g i o n  measured i n  hundreds of k i l o m e t e r s ,  

t h e n  it would appear  t ha t  m i s i n t e r p r e t a t i o n  i s  l i k e l y .  On 

t h e  o t h e r  hand, when accord ing  t o  t h e  r a i n f a l l  c lass i f ica-  

t i o n  t h e  d i s t u r b a n c e  i s  c l a s s i f i f e d  as "s t rong"  and t h e  wind 

speed  does no t  exceed 20  k n o t s ,  t h i s  may be regarded  as m i s -  

l e ad ing .  

i n g  c i r c u l a t i o n  s t r e n g t h ,  c loud iness  and p r e c i p i t a t i o n  are 

mandatory t o  r e s o l v e  t h i s  impor tan t  p o i n t .  

Mmy o t h e r  compara t ive  tes ts  i n  s i t u a t i o n s  of vary- 

The i n t e g r a t i o n  of t h e  obse rva t ions  f r o m  a l l  sou rces  

does n o t  provide  u s  wi th  a complete p i c t u r e  o f  t h i s  d i s t u r -  

bance,  y e t  w e  can enumerate c e r t a i n  f ac t s  about  t h i s  d i s t u r -  

bance t h a t  by themselves  do no t  say  very  much, bu t  i n  l i g h t  

of bo th  o u r  ignorance  and perhaps  preconceived i d e a s  about  

t r o p i c a l  s y n o p t i c  scale systems,  are impor tan t .  I n  summary, 

w e  l i s t  t h e  fo l lowing  conc lus ions :  

1. The d i s t u r b a n c e  i s  b e s t  d e l i n e a t e d  by i t s  c loud  f i e l d  

which dur ing  t h i s  s h o r t  p e r i o d  of o b s e r v a t i o n  was 

o r i e n t a t e d  n e a r l y  eas t -wes t  and reached  a s i z e  of about  

500 n a u t i c a l  miles long  and a t  least 2 5 0  n a u t i c a l  miles  

wide. Embedded wi th in  t h i s  l a r g e  c loud  s h i e l d  were 

moderately developed convec t ive  c louds  i n  bands o r i e n -  

t a t e d  most ly  i n  a southw&st-nor theas t  d i r e c t i o n .  
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2, The d i s t u r b a n c e  was not related t o  any pronounced 

c i r c u l a t i o n  o r  p e r t u r b a t i o n  i n  t h e  low l e v e l  wind 

f i e l d .  

gence which, i n  t u r n ,  was a s s o c i a t e d  w i t h  an a n t i -  

c y c l o n i c  c i r c u l a t i o n  between 500  and 200  mb and /o r  a 

s h e a r l i n e  a t  t h i s ' l e v e l .  

n o t  appea r  t o  be  an adequate  e x p l a n a t i o n .  

It was probably r e l a t e d  t o  upper  l e v e l  d i v e r -  

The s h e a r l i n e  by i t s e l f  would 

3 .  Mean v e r t i c a l  v e l o c i t i e s  i n  t h e  lower 10,000 f t  of t h e  

t roposphe re  a s s o c i a t e d  wi th  t h e  a c t i v e  ( c l o u d / p r e c i p i t a -  

t i o n  r e g i o n )  p a r t  of t h e  d i s t u r b a n c e  g e n e r a l l y  exceeded 

5 c m  sec-1 and r o s e  as h i g h  as 8 . 4  c m  sec-1. 

4.  The a c t i v e  p a r t  of t h e  d i s t u r b a n c e  produced a cons ide r -  

able amount of p r e c i p i t a t i o n  o v e r  an area a t  l e a s t  250  

by 150 n a u t i c a l  miles. 

The d i s t u r b a n c e  p e r s i s t e d  as a n  obse rvab le  s y n o p t i c  

scale system f o r  a t  least t h r e e  days.  Its prev ious  

h i s t o r y  i s  obscure  b u t  t h e  p o s s i b i l i t y  t h a t  i t  r e p r e -  

s e n t s  t h e  remnants of a decaying system which was 

p r e v i o u s l y  w e l l  o rganized  over t h e  m i d - t r o p i c a l  A t l a n t i c  

cannot  b e  d iscounted .  

5. 



4 .  CONCLUSIONS 

The main conclus ion  t o  be drawn i s  t h e  tremendous 

b e n e f i t  p o t e n t i a l  of t h i s  t y p e  of s tudy .  

acc rue  e q u a l l y  t o  t r o p i c a l  meteorology and t o  t h e  s a t e l l i t e  

program. One a i rcraf t  equipped wi th  t ime- l apse  cameras only  

is minimally adequate ,  i f  long  r econna i s sance  l e g s  can be 

flown i n t o  numerous d i s t u r b a n c e s  i n  an i s l a n d - d o t t e d  area, 

such as t h e  Caribbean,  G u l f  of Mexico and Marsha l l  I s l a n d s  

r e g i o n  i n  t h e  P a c i f i c .  S e v e r a l  ins t rumented  aircraft  f l y i n g  

v e r t i c a l l y  superposed p a t h s  would p e r m i t  d ivergence  computa- 

t i o n s  and b e t t e r  assessment  of t h e  v e r t i c a l  s t r u c t u r e  of t h e  

t roposphe re .  

The b e n e f i t  should  

Except for t h e  f u l l  h u r r i c a n e ,  o u r  knowledge of t r o p i -  

cal  d i s t u r b a n c e s  i s  shockingly  bad. Many more t y p e s  of 

d i s t u r b a n c e s  e x i s t  t h a n  a r e  modelled i n  t h e  t ex tbooks  o r  i n  

t h e  l i t e r a t u r e .  

cal  atmosphere appea r s  t o  pe rmi t  d i f f e r e n t  d i s t u r b a n c e s  i n  

each  o f  roughly t h r e e  layers ( low,  middle ,  and h igh  t ropo-  

s p h e r e ) ,  which may o r  may n o t  i n t e r a c t  w i th  t h o s e  above o r  

below. 

The s i t u a t i o n  examined i n  t h i s  pape r  i s  no t  an i s o l a t e d  

i n s t a n c e  b u t  one example of many observed east-west o r i e n t a -  

t e d  c loud  systems t h a t  occur  i n  t h e  t r o p i c s .  Work i s  now 

The v e r t i c a l  l a y e r e d  s t r u c t u r e  of  t h e  t r o p i -  

The i n t e r a c t i o n  between l a y e r s  i s  poor ly  unders tood .  

45 
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proceeding Ce.g., La Seur  and Z i p s e r ,  1 9 6 4 1  which w i l l  

p rov ide  some s t a t i s t i c a l  evidence as t o  t h e  frequency and 

importance of  t h i s  t ype  of d i s t u r b a n c e .  A t  p r e s e n t  l i t t l e  

i s  known about  t h e  connect ion between such a system and l o w  

l a t i t u d e  cyc lones  o r  h u r r i c a n e s .  I t  i s  c e r t a i n ,  however, 

t h a t  such systems do p l ay  a r o l e  i n  t h e  h e a t  ba l ance  of t h e  

atmosphere CGarstang, 1 9 6 4 1  and i n  t h e  c l ima to logy  of t he  

t r o p i c s .  

Attempts are being made t o  code t h e  i n t e n s i t y  o f  

t r o p i c a l  d i s t u r b a n c e s ,  p a r t i c u l a r l y  from s a t e l l i t e  p i c t u r e s  

[ F e t t ,  1 9 6 4 ;  Timchalk, H u b e r t  and F r i t z ,  1 9 6 5 1 .  While t h e  

c o r r e l a t i o n  between cloud p a t t e r n  and wind speed may be use- 

f u l  o p e r a t i o n a l l y  a f t e r  the development s t a g e  o f  a c l o s e d  

c i r c u l a t i o n  h a s  been reached,  a m a j o r i t y  of  t r o p i c a l  d i s t u r -  

bances ,  i n  t h e  s e n s e  o f  t h e  weather, have no c l o s e d  c i r c u l a -  

t i o n  o r  s t r o n g  winds .  Most d i s t u r b a n c e s  would f a l l  i n  F e t t ' s  

( A )  c a t e g o r y ,  which c l e a r l y  i n c l u d e s  a he terogeneous  collec- 

t i o n  of v a s t l y  d i f f e r e n t  t y p e s  of  d i s t u r b a n c e s  a t  s e v e r a l  

l e v e l s .  

I t  would seem l e s s  u s e f u l  a t  t h i s  s t a g e  t o  a t t e m p t  t o  

r e f i n e  o r  f u r t h e r  develop c a t e g o r i e s  t h a n  t o  e s t a b l i s h  

dynamic and p h y s i c a l  models of t h e  flow f i e l d  and i t s  a t t e n -  

d a n t  c loud  and rainfall p a t t e r n s .  T h e o r e t i c a l  and numer ica l  

model l ing of t h e  sub-hurr icane  t r o p i c a l  d i s t u r b a n c e  i s  al- 

most non-ex i s t en t  and m u s t  be undertaken i f  numer ica l  p re -  

d i c t i o n  methods are ever  t o  become e f f e c t i v e  i n  t he  t r o p i c s .  
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p r e r e q u i s i t e  t o  any model l ing i s  q u a n t i t a t i v e  

from adequate  and e x t e n s i v e  correlated observa-  

t i o n s  ove r  a wide area and deep 

t a l  sounding network i n  t h e  t r o p i c s ,  t h e  o n l y  avenues fo r  

p r o g r e s s  would appea r  t o  b e  s p e c i f i c a l l y  des igned  exper iments  

based upon a selected i s l a n d  network and i n c o r p o r a t i n g  

j o i n t  a i rc raf t ,  oceanographic  and s a t e l l i t e  programs. 

l a y e r .  Lacking a cont inen-  
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